In order to conserve wetlands, it is crucial to have reliable knowledge of population and community processes. Our aims were to explore the dietary differences that allow coexistence of carnivores belonging to different trophic guilds, and to detect the presence of the relict Pannonian root vole subspecies (Microtus oeconomus méhelyi) within the Kis-Balaton marshland (Hungary). The 1-year dietary study was based on faecal analysis of the main mammalian predators of the area, i.e. red fox (Vulpes vulpes), martens (Martes spp.) and Eurasian otter (Lutra lutra). Small mammals, mainly Microtus species and water vole (Arvicola amphibius), were the primary foods for each carnivore. The dietary pattern of the otter was unique among European studies. Analysis of frequency data and estimated consumed biomass data revealed significant interspecific and intraspecific (seasonal) foraging differences among the three predators. Based on diets and live trapping of small mammals, foxes and martens selected voles, they selected against mice and shrews. The selection of the root vole was confirmed from faecal samples of foxes and martens. Consequently, faecal analysis of common carnivores can be an effective monitoring tool in providing data about prey species under special habitat conditions. Thus, it may contribute to wetland conservation indirectly.
Introduction
Marshlands are specific transitional areas as they include features of aquatic and terrestrial ecosystems (Mitsch and Gosselink 1986) . Their high productivity, rich and diverse macrovegetation make them ecologically optimal areas, and due to their high biodiversity marshes host unique communities (Báldi et al. 1999; Verboom et al. 2006; Scott et al. 2008) . However, marshlands are threatened by considerable human disturbance, management or land use (Jantke and Schneider 2010; Tousignant et al. 2010) . It is essential for the long-term conservation of these wetlands and their communities to have a better knowledge of both population and community processes taking place in these dynamic areas and interspecific interactions such as predation and competition (Foster and Gaines 1991; Ruiz-Olmo et al. 2003; De Bianchi et al. 2014) .
Kis-Balaton is a wetland, which was part of Lake Balaton until the nineteenth century, but thereafter, that area was subject to intensive draining (Tátrai et al. 2000) . In order to rehabilitate the marshland habitats, the former area was artificially flooded into two stages (1985: Kis-Balaton Water Protection System I -KBWPSI and 1992: Kis-Balaton Water Protection System II -KBWPSII; Tátrai et al. 2000) . Nowadays, it is one of the largest marshlands (total area 14,745 ha) and is the most complex habitat system in Hungary, due to its biodiversity and the variety of conservation management (Báldi et al. 1999; Tátrai et al. 2000; Futó 2001; Horváth and Herczeg 2013) .
Apart from measurement, inter-and intraspecific comparison of the niche parameters (niche breadth, niche overlap) and preferences can lead to understanding the resource use of competing species, and community dynamics (Hardin 1960; Rosenzweig 1966; Krebs 1989) . Diet largely defines the ecological niche of an animal (Kruuk 2006) , and therefore food Communicated by: Andrzej Zalewski Electronic supplementary material The online version of this article (https://doi.org/10.1007/s13364-019-00456-z) contains supplementary material, which is available to authorized users. separation has an important role in niche segregation (Colwell and Futuyma 1971; Schoener 1974) . We analysed the feeding habits and trophic relationships of three sympatric carnivore taxa, namely the red fox (Vulpes vulpes; hereafter fox), martens (stone marten Martes foina and pine marten M. martes) and the Eurasian otter (Lutra lutra; hereafter otter) based on the importance of their relative position within the food web and abundances in the Kis-Balaton marshland. These are widespread carnivores in most parts of Europe, including wetlands, and are primary predators (fox, otter) and common species (fox, martens) . Fox (Goszczynski 1986; Kidawa and Kowalczyk 2011; Díaz-Ruiz et al. 2013; Soe et al. 2017 ) and martens (Zhou et al. 2011; Papakosta et al. 2014 ) are opportunistic predators that respond to seasonal and geographic fluctuations of prey resources, resulting in significant variation in diet composition across their range. Despite variation, the primary prey of both terrestrial carnivores tends to be small mammals, and vole species are especially preferred (Macdonald 1977; Goszczynski 1986; Jędrzejewska and Jędrzejewski 1998; Lanszki et al. 2007 ). The otter is mostly a piscivorous species (Erlinge 1967; Kruuk 2006) . As they belong to various trophic guilds, dietary differences and coexistence can be expected.
Animals living in dynamic environments have to adapt to changes, especially to fluctuations in the availability of food resources (Becker et al. 2010) . In marshes, the fox seasonally preys on birds, lagomorphs or invertebrates in high ratios (Reynolds 1979) ; the otter can switch temporarily from fish to amphibian or bird (mainly waterfowl) predation (Erlinge 1967; Kruuk 2006; Lanszki and Széles 2006) . Unlike in terrestrial and regulated or human-maintained aquatic ecosystems, dietary shifts are influenced more by natural processes in wetlands. The feeding habits and trophic relations of carnivores living in wetlands are less known. We predicted (first prediction) that the feeding habits of sympatric carnivores living in the Kis-Balaton and belonging to different trophic guilds (terrestrial and semiaquatic predators) will respond to seasonal fluctuation in prey resources of the marshland area in different ways to avoid high trophic niche overlap and this will allow coexistence (Hardin 1960; Rosenzweig 1966) . In addition to small mammals, terrestrial carnivores will prey on waterfowl all year round in high ratios, and they will select small mammals differently, whilst in addition to fish, the otter will prey on amphibians (especially during spawning, i.e. late winter) and waterfowl (during nesting period) in high ratios.
The Pannonian root vole subspecies (Microtus oeconomus méhelyi), which is one of the rarest mammals of Hungary, and protected since 1974, occurs within the KBWPSII (Horváth and Herczeg 2013) . This rodent species mostly inhabits the homogeneous sedge beds and border zone of the reed beds here (Horváth and Gubányi 2006) . Considering its habitat specialization (Tast 1966) and priority in terms of its threatened status (92/43 EU Habitat and Species Directive, Annex II and IV; Horváth and Gubányi 2006) , the monitoring of abundance and distribution of this relict subspecies has been continuous since 1999. The results of this program have shown that the subpopulations are very sensitive to natural and human-induced disturbance, for example flooding, drying out and burning (Horváth and Herczeg 2013) . The presence of the species was detected within the Keleti-Berek (KBWPSII) in 1999 -2001 . After an increase in water levels due to high rainfall in 2010, the occurrence of root vole within our study area was no longer confirmed by applying a standard monitoring protocol based on small mammal live-trapping methods (Horváth and Gubányi 2006) . In respect to detection of this endangered small mammal, the second prediction of our work was that predators, taking advantage of the changing habitat conditions in the area, reach the presumably optimal water-covered root vole habitat patches (Horváth and Herczeg 2013) . Therefore, the analysis of faecal samples of predators may be an appropriate method to document the continued presence of the root vole population in the area (Torre et al. 2013) .
Our aims, through the analysis of faecal samples of carnivores, were (1) to explore the dietary (diet composition, trophic niche, small mammal selection) differences that allow coexistence of carnivores belonging to different trophic guilds and (2) to detect the presence of root voles in the sedge field of the Kis-Balaton marshland.
Materials and methods

Study area
Our investigations were performed in the Kis-Balaton area of Balaton Uplands National Park, Western Hungary, in particular within the strictly protected 5400 ha KBWPSII ( Fig. S1 , Online Resource 1). Kis-Balaton has been a Natura 2000 (SPA and PSCI) site, and a Ramsar site since 1979. Our study was carried out in the 17.18°E, 104 .5 m a.s.l.), in the area assigned to the monitoring of the root vole (Horváth and Herczeg 2013) , along an abandoned old railroad embankment. This artificial, linear infrastructure ensures sampling and dry, safe and sole passage for terrestrial carnivores in all seasons in the middle of the Keleti-Berek. Both sides of the embankment are covered by homogeneous sedge habitat, where human disturbance is negligible. The dominant species of the plant communities are lesser pondsedge (Carex acutiformis), although in some places, the common reed (Phragmites australis) is dominant. White willow (Salix alba), grey willow (Salix cinerea) and poplars (Populus sp.) are located occasionally along the embankment.
The study area is situated in the continental climatic region, but there are some Mediterranean features. During the study period, from October 2014 to August 2015, mean annual temperature was 11.7°C (winter 2.1°C, summer 21.8°C), annual precipitation was 692 mm, and snow cover duration was 20 days (mean snow depth 32 mm; Hungarian Meteorological Service).
There is a large number of waterfowl nests on Kis-Balaton, and the area is an important wintering and migration area for birds and a favourable habitat for amphibians and invertebrates (Báldi et al. 1999; Futó 2001) . This is indicated by the number of individuals within the study period: Anatinae 300-4000 ind./month, with peak in December-January; Anserinae 300-10,000 ind./month, with peak in November-January; and Fulica atra 50-3500 ind./month, with peak in August (Balaton Uplands National Park's database). Red deer (Cervus elaphus) and wild boar (Sus scrofa) populations are abundant, and other predators also occur in this area, including weasel (Mustela nivalis), stoat (Mustela erminea), Eurasian badger (Meles meles), golden jackal (Canis aureus), wildcat (Felis silvestris), and white-tailed eagle (Haliaeetus albicilla).
The study was conducted during a single but 'typical' year (survey period: October 2014-August 2015), not including high water levels or drought, extreme cold or warm temperatures or extreme rainfall periods. The abundance of birds (survey period 3154 ± 858 ind./month, 2010-2018: 3199 ± 298 ind./month) as well as that of small mammals (survey period 8.6 ± 1.1 ind./100 trapnights, 2010-2018: 7.6 ± 0.9 ind./100 trapnights), and the relative abundance of mammalian predators (red fox, survey period 2.1 ± 0. 
Faecal sample collection and analysis
The diet composition and feeding habits of the red fox (n = 482), martens (n = 91) and otter (n = 342) were investigated through the analysis of intact faecal samples collected every 6 weeks between October 2014 and August 2015 (Table S1, Online Resource 2). Samples were collected along a 2.22 km long standard route, divided into four subsections according to vegetation borders), on the top and the sides of the abandoned railroad embankment running across the marshland. We chose this relatively short sampling route-in addition to those mentioned in the Study Area descriptionbecause there are no similar sampling areas, which are far enough from human disturbance (settlement, traffic, Fig. S1 , Online Resource 1) and close (< 0.25 km) to previously known root vole sites. Faecal samples were distinguished based on position, odour, size and shape characteristics (Macdonald 1980; Jędrzejewska and Jędrzejewski 1998; Kruuk 2006) . During the laboratory preparation procedure, we checked the questionable samples again (e.g. based on odour). Additionally, carnivore hairs collected from faecal samples were morphologically identified (Teerink 1991 ; our own reference hair collection). In the case of marten species, morphological characteristics did not allow separation (Pilot et al. 2007 ), and we therefore merged the marten faecal samples. Finally, samples remaining questionable (< 1%) were excluded from the analysis. Although the faecal samples of the three carnivore taxa studied can be distinguished from each other by the above methods with high reliability, a small portion of the samples may have remained misclassified (e.g. Baines et al. 2013) due to the absence of DNA analysis. The relative abundance of predators was expressed according to faecal density (D) index values (Kruuk et al. 1986; Webbon et al. 2004) .
We prepared the faecal samples by means of a standard procedure (Jędrzejewska and Jędrzejewski 1998) . Samples were soaked in water, then washed through a sieve (0.5 mm mesh) and finally dried. All food remains were separated, and using a microscope, all feather, bone, dentition, hair and seed remains were identified using keys from Görner and Hackethal (1987) , Teerink (1991) , Brown et al. (1993) , Knollseisen (1996) and our own vertebrate, invertebrate and plant reference collections. The presence of the root vole was confirmed, if species-specific teeth (Görner and Hackethal 1987) were found in the sample.
The percentage composition of food items in the faecal samples was determined on the basis of relative frequency of occurrence (O, proportion of the total number of occurrences of all items in the sample) and biomass consumed (B). To estimate the fresh mass of food ingested (Reynolds and Aebischer 1991) , all dry food remains were weighed separately (measured at 0.01 g accuracy) and the food remains mass data were multiplied by an appropriate conversion factor (i.e. small mammals by 23, medium-sized mammals by 50, wild boar by 118, deer by 15, birds by 35, reptiles and amphibians by 18, fish by 25, invertebrates (crayfish, insects and molluscs) by 5 and plants (fruits, seeds and other plant material) by 14 for fox and both martens; and small mammals by 9, ungulates by 15, birds by 12, reptiles and amphibians by 18, fish by 25, crayfish and molluscs by 7, insects by 5 and plants by 4 for otter), as summarized from literature data by Jędrzejewska and Jędrzejewski (1998) .
The following nine food categories were used in the calculations related to the comparative analysis of the faecal sample composition and the trophic niche for predator species: 1 small mammals (insectivores and rodents), 2 European brown hare (Lepus europaeus), 3 wild ungulates (carrion), 4 birds (including eggs), 5 reptiles, 6 amphibians, 7 fish, 8 invertebrates and 9 plants (fruits, seeds and other plant matter).
Live trapping small mammals
The small mammal availability was surveyed to analyse the small mammal selection of the foxes and martens. In order to avoid multiple counting, the minimum number alive (MNA; based on the new capture data) of small mammals was determined using the capture-mark-recapture method (Krebs 1989) . Small mammal trapping periods were carried out in October 2014 (autumn period) and in June, July and August 2015 (summer period from merged monthly data). We distributed glass-doored plastic box-type live-traps (size 185 × 95 × 75 mm; Horváth and Herczeg 2013) in grids (6 × 6 traps per grid, one grid in autumn and two grids in summer periods, traps placed in sedge vegetation on wet soil) and along two transects (36 traps in the summer period, traps placed on the foot of the railroad embankment on dry soil). This was done for three consecutive nights in each period (108 trap-nights in autumn and 540 trap-nights in summer). Traps were situated 5 m from each other, baited with bacon and cereals mixed with aniseed extract. We checked the traps twice a day at 07:00 and 19:00. For the identification of captured animals, we used non-individual fur clipping on the head. Autumn markings are not visible in the next summer, and summer markings in each month were applied in a distinctive way. Autumn and summer capture data were treated separately during the evaluation. For selection calculation, we used dominance data (percentage data within community) of each small mammal species based on seasonal MNA data. The small mammals were determined from hairs where there were no suitable teeth found in the faecal sample of carnivores. Species-level microscopic small mammal determinations from hair samples have limitations. To complete preference calculation, we pooled some accurately identified captured species into higher taxonomic groups (e.g. Microtus, Apodemus, shrews), regarding the limitations of the diet analysis.
Data analysis
General log-linear analyses (STATISTICA 10.0) were used on frequency of occurrence data to test for dietary differences within the carnivore community, i.e. among all three studied carnivore taxa (fox, martens and otter) and season; and separately only between the fox and martens and season, to test differences within the same, terrestrial predator guild. The unit of analysis was faecal samples of carnivores from each season, and the response variable was the presence or absence of the food item (proportion of faecal samples containing or not containing a given food category). The model was fitted using carnivore species and season as categories (independent variables). Owing to the large number of comparisons (nine food categories), we adjusted the level of significance to 0.0055 (P = 0.05/9) with a Bonferroni correction (Revilla and Palomares 2002) .
Estimated consumed biomass data (mass × conversion factor) were used for the analysis in order to explore the interspecific and intraspecific (seasonal) differences of quantitative data of the carnivores' food consumption (B). Firstly, we examined variables for normality using the Shapiro-Wilk test (STATISTICA 10.0). Because the data did not show normal distribution in most food categories, the nonparametric Kruskal-Wallis median test was used. When significant differences were detected by the median test, we employed Dunn's procedure for post hoc multiple comparisons (Zar 2010) .
Trophic niche breadth was calculated in accordance with standardized Levins index (B A , rating from 0 to 1) according to Hurlbert (1978) , and trophic niche overlap using the Renkonen index (Krebs 1989 ). Ivlev's electivity index (E i ; Krebs 1989) based on small mammal taxa was applied as follows (Krebs 1989 ): E i = (r i − n i )/(r i + n i ), where r i = percentage frequency of the given (ith) small mammal taxa in the diet (faecal sample; O values), and n i = percentage frequency of the given (ith) small mammal taxa in the environment (dominance data from live trapping). Electivity varies from − 1.0 to + 1.0, where − 1.0 indicates avoidance (usage in lower proportion than expected based on availability), and + 1.0 selected prey.
The standardized trophic niche breadth (calculated seasonally) and trophic niche overlap values (calculated from pairwise seasonal trophic niche overlap values for the three carnivores) were compared with one-way analysis of variance (normal distributed data, ANOVA, Bonferroni post hoc test). Small mammal selection values (mean of autumn and summer values) were compared with paired samples t test between the two terrestrial predators (fox and marten).
The seasons represented by low sample number (martens: winter and spring, otter: summer) were not included in the statistical analyses. A minimum probability level of P < 0.05 was accepted in all statistical tests, except log-linear analysis (P < 0.0055).
Results
Diet composition
Small mammals were the primary food type of the red fox (annual mean, O 53.5%, B 63.0%), whilst birds (mainly waterfowl, and frequently eggs) were the second most important food (O 17.8%, B 14.5%) in the faecal samples (Tables 1 and  S2 The occurrence of other food types (Table 1) was occasional in faecal samples or had a low proportion of consumed biomass.
Inter-and intraspecific differences in dietary composition and trophic niche
With log-linear analysis (Table 2) we found significant differences in the consumption rates of almost all food types (except for hare and reptiles) among the three carnivore taxa. This is due to the specific diet composition of otters; overall, fish, amphibians and invertebrates occurred more frequently in faecal samples of the otter, whilst birds, plants and small mammals occurred more frequently in samples of terrestrial predators, whilst the differences between the fox and the martens were not significant (Tables 1 and 2) . We found significant seasonal differences in some food types. Generally, in the case of the terrestrial carnivores, small mammals and birds had a lower occurrence in faecal samples in summer, ungulates in autumn (detected in fox only), and plants were consumed most frequently in autumn. As for the otter, small mammals had a greater occurrence in the faecal samples collected in autumn and their consumption frequency decreased rapidly until spring and summer; however, consumption of amphibians in winter, birds in spring and fish in the summer samples occurred most frequently. Based on the estimated consumed biomass data (mass × conversion factor), the consumption of small mammals based on faecal analysis was significantly different when the three mammalian carnivores were compared [Kruskal-Wallis test, H(2, N = 882) = 94.01, P < 0.001]; according to post hoc test, foxes consumed significantly higher proportions of small mammals compared to martens (post hoc test, z = 6.02, P < 0.001) and otters (z = 8.69, P < 0.001). Regarding vertebrate prey taxa, further significant difference between species was revealed, in the case of birds (H(2, N = 882) = 25.56, P < 0.001), amphibians (H(2, N = 882) = 142.73, P < 0.001) and fish (H(2, N = 882) = 177.23, P < 0.001), whereas for lagomorphs, ungulates and reptiles, the difference was not significant (P > 0.05). Bird consumption of foxes had higher proportions than that of otters (z = 3.89, P < 0.001), whereas otters took higher proportions of amphibians and fish than foxes (amphibians: z = 6.18, P < 0.001, fish: z = 8.15, P < 0.001) and martens (amphibians: z = 3.59, P < 0.001; fish: z = 4.82, P < 0.001). These three carnivores also differed in Otters took higher proportions of invertebrates than foxes (z = 5.11, P < 0.001) and martens (z = 3.12, P = 0.005), and foxes took higher proportions of plants than martens (z = 5.53, P < 0.001) and otters (z = 4.35, P < 0.001). Seasonal differences were analysed in the case of the four most important prey taxa for the carnivores in the habitat: small mammals, birds, amphibians and fish. Foxes showed seasonal differences in the consumption of birds only (H(3, N = 482) = 19.99, P < 0.001), being higher in autumn (z = 2.86, P = 0.025) and spring (z = 3.14, P = 0.009) than in winter. Seasonal differences in the case of martens (considering the autumn and summer samples) occurred only in small mammal consumption (H(1, N = 73) = 8.48, P = 0.003), being higher in autumn (z = 2.89, P = 0.003) than in summer. Significant seasonal differences were found in all four food categories of otters (considering the autumn, winter and spring samples). Otters took higher proportions of small mammals (H(2, N = 327 = 67.90, P < 0.001) in autumn than in winter (z = 6.20, P < 0.001) and spring (z = 7.05, P < 0.001), and took higher proportions of small mammals in winter than in spring (z = 2.72, P < 0.020). The consumption of birds (H(2, N = 327) = 56.42, P < 0.001) had larger proportions in spring than in autumn (z = 4.79, P < 0.001) and in winter (z = 4.45, P < 0.001). The consumption of amphibians (H(2, N = 342) = 60.53, P < 0.001) had larger proportions in winter than in autumn (z = 5.83, P < 0.001) and spring (z = 3.51, P = 0.001). The consumption of fish (H(2, N = 327) = 37.78, P < 0.001) had higher proportions in winter than in autumn (z = 5.31, P < 0.001).
The values of standardized trophic niche breadth (Table 1 ) based on the evaluation of O data (ANOVA, F 2 = 0.51, P = 0.623) or the B values (F 2 = 0.31, P = 0.745) among carnivores were not significantly different. Similarly, trophic niche overlap (Table 3 , O data, F 2 = 1.23, P = 0.336; B data, F 2 = 0.39, P = 0.688) was also not significantly different. Fox, marten and otter faecal samples contained 37, 18 and 31 different animal taxa (i.e. taxonomic species or higher classification), as well as 13, 7 and 1 plant taxa, respectively.
Small mammal selection
The autumn catches (n = 36 individuals) consisted mainly of striped field mouse (Apodemus agrarius; 41.7%) and shrews (Miller's water shrew Neomys anomalus, water shrew N. fodiens and common shrew Sorex araneus; 41.7%). Harvest mouse (Micromys minutus; 16.7%) was also captured. The summer catches (n = 387) were dominated by the striped field mouse (65.1%; in one case wood mouse A. sylvaticus), but harvest mouse (19.1%), shrews (lesser white-toothed shrew Crocidura suaveolens, Miller's water shrew, water shrew and common shrew; 11.1%), field vole (Microtus agrarius; 2.6%) and water vole (2.1%) were also captured. Although bank vole (Myodes glareolus), brown rat (Rattus norvegicus), water vole and root vole were not captured in the sedge field, they occurred in the diet of predators.
Based on small mammal capture and consumption data, foxes and martens also selected Microtus voles and water vole, whilst both of them selected against Apodemus mice, harvest mouse and shrews (Fig. 1) . Considering the selection of any of the small mammals (paired samples t test, t 4 = 0.46, P = 0.668), we did not find significant differences between terrestrial predators. In autumn, the otter consumed Microtus voles, water vole and brown rat, but these were not captured in the field.
Discussion
Dietary patterns
In the sedge field of the Kis-Balaton marshland, the feeding habits of the terrestrial red fox, the martens and the semiaquatic otter showed similarity in that their primary food types were small mammals, and they consumed other food types in high proportions only periodically. We also found seasonal differences among carnivores in the consumption of small mammals and some other food types characteristic to wetlands. This supports our first prediction (i.e. 'dynamically adaptable feeding habits which allow coexistence') in several respects.
The dynamically adaptable feeding habits of the red fox indicated that the consumption of the primarily important small mammals showed seasonal fluctuation, bird consumption was periodically high (especially in the spring breeding and autumn bird migration periods), and the consumption of other food types was subordinate. This dietary pattern supported our first prediction, the highly frequent waterfowl consumption, which was at least regionally unique in the marshes (Reynolds 1979; Lanszki 2005) and terrestrial habitats (e.g. Jędrzejewska and Jędrzejewski 1998; Díaz-Ruiz et al. 2013; Panek 2013; Soe et al. 2017 ). The frequent bird and bird egg consumption may relate to high bird abundance in the area (Báldi et al. 1999; Futó 2001 ; Balaton Uplands National Park's database). Furthermore, this indicates predation effects (Jędrzejewska and Jędrzejewski (1998) especially in the breeding season, which is supported by artificial nest predation tests performed in the KBWPSII (carnivores caused nest loss in 18.3% from all 120 nests in spring 2015, J. Lanszki unpubl. monitoring data). In addition, scavenging was also detected for example in the case of mute swan (Cygnus olor) consumption. Similar high ratios of bird consumption (however, not waterfowl) were rarely documented elsewhere (agricultural area: Kozena 1988 ; Mediterranean forest and forestpasture mosaic area: Santos et al. 2007) . Despite the limitations of the faecal analysis method (Reynolds and Aebischer 1991) , we experienced bird egg consumption frequently (3.1%; from early and second brood, too) compared to those studies (e.g. Jensen and Sequeira 1978; Kozena 1988 ) which also detected it frequently (2.0-2.5%). The eggs in part could have originated from food remains of crows left on linear infrastructures (authors' observations). The consumption ratios of plants (Table S2 , Online Resource 3) were considerably lower than in forested and agricultural areas, where fruit is abundant (Ferrari and Weber 1995; Cavallini and Volpi 1996) . The dietary pattern of martens also showed seasonal differences considering the occasionally low sample numbers. Both marten species were observed rarely in the study area. The diet compositions can be similar, and so their direct separation based on diet is not possible, however, their combined assessment is known (Goszczynski 1986; Pedrini et al. 1995; Prigioni et al. 2008) . The evidence of small mammal dominance and periodically high proportion of bird and grown fruit (not wild) consumption showed similar patterns to a study performed in the marshland with stone marten (Lodé 1994) . However, this does not show any particular deviation from the diet compositions of stone and pine martens known from terrestrial areas (Zhou et al. 2011; Papakosta et al. 2014) . Thus, our first prediction for the martens is only partially supported.
The dietary pattern of the otter is unique among European studies, because of an overall extremely high consumption of small mammals and less pronounced fish consumption with relatively broad trophic niche detected in our area. The unusual dietary pattern, however, supports our first prediction. It indicates highly adaptive and unusual foraging in a transitional marshland habitat, and confirms that otters are highly specialized foragers (Kruuk 2006) . However, besides the wellknown fish specialization, temporary frequent consumption of other food types is known (Erlinge 1967; Clavero et al. 2003; Kruuk 2006) . The consumption ratio of fish was only one third, whilst the consumption of small mammals was 15-20 times more common than the mean values described in European studies (Lanszki et al. 2016) . Fish consumption under 25% throughout the year is unknown, even 30-40% of fish consumption is rarely reported (Erlinge 1967; Kyne et al. 1989; Gourvelou et al. 2000) , and the consumption of mammals reached up to 15-18% (Weber 1990; Sulkava 1996; Gourvelou et al. 2000) . This could have been largely due to the low fish abundance in the shallow water and the less drained sedge field area. However, the D-index values (Fig.  S2 , Online Resource 4) indicate the regular presence of otters in the area, and it is known that a broad spectrum of aquatic habitats may be suitable. Bird consumption was three times higher than the mean values reported in European summary Fig. 1 Estimated small mammal selection of red fox (Vulpes vulpes) (black columns) and martens (Martes spp.) (white columns) in the Kis-Balaton marshland (Hungary). E i Ivlev's electivity index studies; however, Erlinge (1967) experienced higher values along Swedish lakes. The consumption of amphibians, which are the second most important food in freshwater habitats in the temperate zone, was not considerably higher than the mean values found in European analyses. The low consumption ratios of other food types (reptiles, crayfish) were similar in most of the studies performed in temperate freshwater habitats (Clavero et al. 2003; Krawczyk et al. 2016; Lanszki et al. 2016) . The dietary pattern of the otter differs also from other marshes, where the diet is still dominated by fish; however, besides fish, the otters relatively frequently consume amphibians (Lodé 1989) , birds (Miranda et al. 2008) or crayfish (Delibes and Adrián 1987) .
The unusually high proportions of small mammal and bird consumption and low fish consumption ratios prompt the question whether this is profitable for the otter. The European pond turtle (Emys orbicularis) or frog-dominated food can be profitable for the otter in severe winter periods with limited food availability ). Based on a simple calculation from the study mentioned, it seems that the energy content of the unique diet compositions found from autumn to spring was similar to the fish-dominated summer diet (Fig. S3 , Online Resource 5). The limitation of this calculation is that the handling time of various prey species, the success rate and the cost of predation (Brown and Kotler 2004; Kruuk 2006 ) are unknown.
Trophic niche partitioning
The trophic niche of the terrestrial carnivores was relatively narrow in spite of the diversity of the consumed species, and their dietary patterns showed inter-seasonal differences. These indicate that depending on food resources and accessibility in a given period, these carnivores use one or more food types in higher proportion (McDonald 2002) , so they have characteristics of both generalist and specialist predators. The trophic niche of the otter was relatively broad (c.f. Clavero et al. 2003; Krawczyk et al. 2016; Lanszki et al. 2016) due to the unique dietary pattern and contrary to what we expected based on the 'habitat stability hypothesis' (Ruiz-Olmo and Jiménez 2009). The question arises whether the consumption of abundant small mammals and birds is profitable for the otter. This topic would be worth investigating.
Despite the relatively high trophic niche overlap values, the carnivores studied occurred sympatrically in the area. High trophic niche overlap values do not necessarily mean competition, particularly if the sources are not limited (MacArthur and Levins 1967; Krebs 1989) , though the sources are not exactly known in the Kis-Balaton. High trophic niche overlap without competition has been described in many studies (e.g. Serafini and Lovari 1993; Lanszki et al. 2007; Santos et al. 2007) . The niche partition of species is enhanced by differences in dietary patterns and the flexibility of feeding habits (species-rich food, switching, differences in food preferences), but it can also be influenced by source partition (Hardin 1960; Rosenzweig 1966) based on other features of the prey species (e.g. different size, activity, habitat use). However, the occurrence frequencies of coexisting predators can vary with time. It is indirectly indicated by the seasonally changing D-indices (Fig.  S2 , Online Resource 4), although these values could be influenced by numerous factors, for example the seasondependent differences in hiding and territory marking behaviour, home range size and habitat use (Kruuk et al. 1986; Jędrzejewska and Jędrzejewski 1998) . The number of investigated individuals could have been low, especially in the case of martens.
Food selection
In the Keleti-Berek terrestrial, carnivores selected slowermoving voles from the rodent community and showed less of a selection for Apodemus mice, which are characteristically fast-moving, very agile species that are difficult to prey upon (Jędrzejewski and Jędrzejewska 1992) . Similar selections have been found in other habitat types (Macdonald 1977; Lanszki et al. 2007 ) and also in marshes (Lanszki 2005) . The root vole is relatively bigger (body mass 20-45 g, authors' own measurements) than other species from the Microtus genus selected by carnivores. Furthermore, the larger bodied water vole and the brown rat are also selected, so it can be assumed that preying on these rodents is profitable (Carbone et al. 2007 ); therefore, searching investment is profitable (Kruuk 2006 ). However, not only resource, for example abundance of a particular prey item, but also access, namely presence of a particular prey item in preferred foraging habitat can influence dietary preferences or selection of predators (Gendron 1987; Nilsen et al. 2012) . The abundance of small mammals in the survey period was average within a 9-year monitoring period (detailed in 'Material and methods'). The root vole inhabits sedge and wet habitats, which are unfavourable for the red fox and martens (Jędrzejewska and Jędrzejewski 1998) ; thus, with water cover, the selection for the root vole is less likely. Similarly, that the small-sized harvest mouse was also a selected prey may be related to its availability in the study area.
Confirmed root vole presence
The occurrence of the root vole subspecies in the marshland was confirmed by the fact that it has been identified from several fox and marten faecal samples from different seasons which supports our second prediction. This also means that certain common carnivore species-under specific circumstances-can be used to detect the presence of nearby rare, elusive prey species (Torre et al. 2013) . Since the diet of the barn owl (Tyto alba) usually reflects real changes in the availability of small mammals, pellet analysis of this nocturnal raptor is frequently used as an indirect method in the monitoring of small mammal communities, along with the direct method of conventional live-trapping (Torre et al. 2004; Avenant 2005) . The faecal analysis of common carnivores is a proposed additional monitoring tool to survey small mammal communities and to monitor their spatio-temporal variations (Torre et al. 2013) , especially if barn owl pellets are less available in non-accessible areas which are free from buildings and trees.
In conclusion, the changes in characteristics of the food resources of the marshland are indicated by the detected small mammal dominated diets, by small mammal selections, and by the consumption of other food types, which have high temporary proportions. Dynamically adaptable feeding habits were reflected in interspecific and intraspecific (seasonal) foraging differences among of the three predators, i.e. in niche separation, which allow coexistence. The unique dietary pattern detected in the case of otter indicates highly adaptive foraging in a transitional wetland, and confirms that otters can temporarily become specialized foragers. Furthermore, a simple faecal analysis of common carnivores has proved the presence of the root vole in the area. These pieces of information could facilitate the conservation management of the dynamically changing marshlands.
